Daqu is a fermentation starter used in the production of Chinese liquors. A thermophilic bacterium, designated strain H-18 T , was isolated from a high-temperature Daqu sample collected from the manufacturing process of a sesame-flavoured liquor in Shandong province, China. It was investigated in a taxonomic study using a polyphasic approach. Strain H-18 T formed white aerial mycelium and greyish-yellow substrate mycelium, bearing single endospores on aerial and substrate hyphae or on unbranched short sporophores. The cell-wall peptidoglycan contained meso-diaminopimelic acid. The major fatty acids were iso-C 15 : 0 and iso-C 17 : 0 . The predominant menaquinone was MK-7. These chemotaxonomic properties are similar to those of members of the genus Thermoactinomyces. The G+C content of the genomic DNA was 49.1 mol%. 16S rRNA gene sequence comparisons indicated that strain H-18 T was most closely related to Thermoactinomyces vulgaris KCTC 9076 T (96.42 % similarity), Thermoactinomyces intermedius KCTC 9646 T (96.06 %), Laceyella putida KCTC 3666 T (96.32 %) and Laceyella sacchari KCTC 9790 T (95.55 %). Strain H-18 T showed low DNA-DNA relatedness (40.8, 33.4, 20.0 and 14.4 %) with the above strains. Based on morphological and chemotaxonomic characteristics, DNA-DNA hybridization data and physiological properties, strain H-18 T represents a novel species of the genus Thermoactinomyces, for which the name Thermoactinomyces daqus sp. nov. is proposed. The type strain is H-18 T (5DSM 45914 T 5CICC 10681 T ).
The genus Thermoactinomyces within the family Thermoactinomycetaceae was described by Tsilinsky (1899) with the single species Thermoactinomyces vulgaris. At time of writing, the genus Thermoactinomyces comprises eight species with validly published names. All but Thermoactinomyces vulgaris and Thermoactinomyces intermedius (Kurup et al., 1980) have been identified as later synonyms of one of these species or reclassified in other genera (Yoon et al., 2005) . Members of the genus Thermoactinomyces are aerobic, Gram-positive, non-acid-fast, chemo-organotrophic, thermophilic, filamentous bacteria. Endospores are sessile and are formed singly on aerial and substrate hyphae or on unbranched short sporophores. Growth occurs at 55 uC but not at 30 uC (Lacey & Cross, 1989) . The predominant menaquinone is MK-7. The major fatty acid is iso-C 15 : 0 , and significant amounts of iso-C 17 : 0 are present (Yoon et al., 2005) .
Daqu is a fermentation starter used in the production of Chinese liquors. During an investigation of the diversity of thermophilic bacteria in this high-temperature environment, strain H-18 T was isolated from a Daqu sample collected from Shandong Bandaojing Co. Ltd, Shandong province, China. High-temperature Daqu is fermented through a high-temperature solid-state fermentation with wheat as the raw material. The maximum temperature for producing Daqu is 65 u C. Daqu not only provides various micro-organisms and enzymes produced from the microbes for liquor fermentation, but it can also supply complex substrates that contribute to aroma and flavour including furan, pyran, pyraxine and aldehydes, and its quality is related directly to the production and quality of sesame-flavoured liquor (Liu et al., 2012; Zhang et al., 2012) . In this study, 10 g Daqu sample was suspended in 90 ml sterile water and mixed at 55 u C for 30min. The suspension was diluted 1 : 10 and 100 ml was spread onto the surface of R2A agar (Hopebiol) plates and incubated at 55 u C for 24 h. Strain H-18 T was isolated from this medium. The organism was able to grow on R2A agar, nutrient agar (NA; Landbridge) and International Streptomyces Project (ISP) medium 2 (Shirling & Gottlieb, 1966) .
Cultural characteristics were determined by the methods of the ISP (Shirling & Gottlieb, 1966) . Gram-staining was tested as described by Gerhardt et al. (1994) . Cultures grown on ISP 2 agar for 1-7 days at 55 u C were observed by light microscopy (Olympus BH-2). Scanning electron microscopy (Quanta 200; JEOL) was used to observe mature spores on aerial mycelium of strain H-18 T grown on ISP 2 for 3 days at 55 u C. The pH range for growth was examined in ISP 2 broth at pH 5.0-10.0. The buffers used were 0.1 M citric acid/0.1 M sodium citrate (pH 4.0-5.0), 0.2 M KH 2 PO 4 /0.2 M NaOH (pH 6.0-8.0) and 0.2 M glycine/0.2 M NaOH (pH 9.0-10.0). The physiological characteristics and biochemical features of strain H-18 T were investigated by using the methods described by Goodfellow (1971) , Williams et al. (1989) and Dong & Cai (2001) .
Strain H-18 T grew well on ISP 2 agar and not at all on ISP 3, 4 or 5 agar. The strain stained Gram-positive and no soluble pigment was produced. The substrate and aerial mycelia of the isolate were abundant and white on ISP 2 agar. Endospores were sessile and formed singly on aerial and substrate hyphae or on unbranched short sporophores ( Fig. S1 , available in IJSEM Online). The results of physiological characterization are given in the species description and in Table 1 . Growth of strain H-18 T was investigated at 28, 37, 45, 55, 60, 65 and 70 u C on ISP 2 agar. Strain H-18 T grew well at 55 u C, but not below 45 u C or above 60 u C. Strain H-18 T grew in ISP 2 broth at pH 6.0-9.0, with optimum growth at pH 7.0. The phenotypic characteristics of strain H-18 T were consistent with those of members of the genera Thermoactinomyces and Laceyella (Table 1) .
For chemical and molecular analyses, reference strains Thermoactinomyces intermedius DSM 43846 T , Thermoactinomyces vulgaris DSM 43016 T , Laceyella sacchari DSM 43356 T and Laceyella putida DSM 44608 T were included in parallel tests. Strain H-18 T and the reference strains were cultured in tryptic soy broth (TSB; Oxoid) in shaken flasks (about 150 r.p.m.) for 2 days. Amino acids and sugars of whole cells were investigated according to the method described by Hasegawa et al. (1983) . Menaquinones were extracted according on the methods of Collins et al. (1977) and analysed by HPLC (Groth et al., 1997) . Polar lipids were extracted and identified by two-dimensional TLC and investigated according to the procedures developed by Minnikin et al. (1984) . Cellular fatty acids were extracted, methylated and analysed using the Sherlock Microbial Identification System (MIDI) according to the manufacturer's instructions (Kroppenstedt, 1985; Meier et al., 1993) . Strain H-18 T contained meso-diaminopimelic as the cell-wall diamino acid and no characteristic sugars (Table 1 ). The predominant menaquinone was MK-7 (98.9 %). The phospholipids comprised diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, phosphatidylinositol, phosphatidylinositol mannoside and some unknown lipids (Table 1) . The fatty acid profile of strain H-18 T is shown in Table S1 . The major fatty acids of strain H-18 T were iso-C 15 : 0 (42.70 %) and iso-C 17 : 0 (29.18 %). The chemotaxonomic characteristics of strain H-18 T were similar to those of members of the genus Thermoactinomyces (Yoon et al., 2005) . Strain H-18 T has the predominant menaquinone MK-7, as is the case for T. intermedius DSM 43846 T and T. vulgaris DSM 43016 T ; in contrast, L. sacchari DSM 43356 T and L. putida DSM 44608 T show a more complex menaquinone profile. The major fatty acids of H-18 T , iso-C 15 : 0 and iso-C 17 : 0 , were in accord with those reported for the genus Thermoactinomyces, but differed from those of L. sacchari DSM 43356 T and L. putida DSM 44608 T , which contain iso-C 15 : 0 and anteiso-C 15 : 0 as major fatty acids. The DNA G+C content was determined by the HPLC method (Mesbah et al., 1989) using Escherichia coli DH5a DNA as the calibration standard. The DNA G+C content of strain H-18 T was 49.1 mol%.
Genomic DNA extraction and PCR amplification of the 16S rRNA gene of strain H-18 T were performed as described by Li et al. (2007) . The PCR product was sequenced using the Taq DyeDeoxy terminator cycle sequencing kit (Applied Biosystems) as described in the manufacturer's protocol. The sequencing primers were SP6 (59-ATTTAGGTGACACTATAGAATAC-39) and T7 (59-TAATACGACTCACTATAGGG-39). The 16S rRNA gene sequence of H-18 T and those of other members of the genera Thermoactinomyces and Laceyella retrieved from the EzTaxon server 2.0 were aligned using the program CLUSTAL_X version 1.8 (Thompson et al., 1997) . Phylogenetic analysis was performed using three tree-making algorithms: the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximumparsimony (Eck & Dayhoff, 1966; Fitch, 1971 ) methods (Figs 1, S2 and S3 ). The tree topology was evaluated using bootstrap analysis (Felsenstein, 1985) based on 1000 resamplings. The 16S rRNA gene sequence of strain H-18 T was a continuous stretch of 1506 bp. 16S rRNA gene sequence comparisons indicated that strain H-18 T was most closely related to members of the genera (14.4 %) . These values are clearly below the 70 % cut-off value recommended for the assignment of strains to the same genomic species (Wayne et al., 1987) . The DNA-DNA hybridization values with type strains of species of the genus Laceyella are lower than those observed with type strains of species of the genus Thermoactinomyces. On the basis of chemotaxonomic characteristics, DNA-DNA hybridization data and physiological properties, strain H-18 T represents a novel species of the genus Thermoactinomyces, for which the name Thermoactinomyces daqus sp. nov. is proposed.
Description of Thermoactinomyces daqus sp. nov.
Thermoactinomyces daqus (da9qus. N.L. masc. adj. daqus pertaining to Daqu, a starter culture used in the production of Chinese liquors, from which the type strain was isolated).
Cells are aerobic and stain Gram-positive. Yellow-white aerial mycelium and greyish-yellow substrate mycelium are formed, bearing single endospores (0.8-0.9 mm diameter) on short sporophores. No soluble pigment is produced on any of the media investigated. Cells are able to grow on ISP 2 agar, NA and TSB agar. Growth occurs at 45-60 u C (optimum 55 u C) and at pH 5.0-9.0 (optimum pH 7.0). Positive for gelatin liquefaction, milk peptonization, milk coagulation and utilization of mannitol, L-rhamnose, raffinose, fructose, trehalose and maltose. Negative for nitrate reduction, tyrosinase, H 2 S production and utilization of glucose, lactose, arabinose, xylose, L-lysine, L-serine, L-valine, L-threonine, L-proline and glycine. The cell wall contains meso-diaminopimelic acid as the diagnostic amino acid of the peptidoglycan. The predominant menaquinone is MK-7. The polar lipids are diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, phosphatidylinositol, phosphatidylinositol mannoside and some unknown phospholipids. The major cellular fatty acids are iso-C 15 : 0 and iso-C 17 : 0. Table 1 . Differential characteristics of strain H-18 T and type strains of recognized species of the genera Thermoactinomyces and Laceyella Strains: 1, H-18 T ; 2, T. intermedius DSM 43846 T ; 3, T. vulgaris DSM 43016 T ; 4, L. sacchari DSM 43356 T ; 5, L. putida DSM 44608 T . All data were obtained in this study, except for the DNA G+C contents of the reference strains, which were taken from Yoon et al. (2005) Melghirimyces algeriensis NariEX T (HQ383683) Desmospora activa IMMIB L-1269 T (AM940019)
Escherichia coli ATCC 11775 T (X80725)
Thermoflavimicrobium dichotomicum KCTC 3667 T (AF138733) Fig. 1 . Phylogenetic trees showing the relationships of strain H-18 T to members of related species within the genera Thermoactinomyces and Laceyella. The tree was based on an alignment of almost-complete 16S rRNA gene sequences and was reconstructed using the neighbour-joining method (Saitou & Nei, 1987) . The phylogenetic tree was produced following bootstrap resampling of 1000 datasets. Numbers at nodes indicate percentages of bootstrap support based on neighbourjoining analysis of 1000 resampled datasets. Bar, 0.02 substitutions per nucleotide position.
